Introduction: The aims of this study were to investigate the effect of varicocelectomy on DNA fragmentation index and semen parameters in infertile patients before and after surgical repair of varicocele. Materials and Methods: In this prospective study, 72 men with at least 1-year history of infertility, varicocele and oligospermia were examined. Varicocele sperm samples were classified as normal or pathological according to the 2010 World Health Organization guidelines. The acridine orange test was used to assess the DNA fragmentation index (DFI) preoperatively and postoperatively. Results: DFI decreased significantly after varicocelectomy from 34.5% to 28.2% (P = 0.024). In addition all sperm parameters such as mean sperm count, sperm concentration, progressive motility and sperm morphology significantly increased from 19.5 × 10 6 to 30.7 × 10 6 , 5.4 × 10 6 /ml to 14.3 × 10 6 /ml, and 19.9% to 31.2% (P < 0.001) and 2.6% to 3.1% (P = 0.017). The study was limited by the loss to follow-up of some patients and unrecorded pregnancy outcome due to short follow-up. Conclusion: Varicocele causes DNA-damage in spermatozoa. We suggest that varicocelectomy improves sperm parameters and decreases DFI.
INTRODUCTION
Varicocele is one of the major causes of infertility in men, present in between 15 and 20% of the general male population. [1] Patients with varicocele may have altered spermatogenesis, which has been attributed to several factors, including reflux of renal/adrenal toxic metabolites, testicular hypoxia due to venous stasis, hormonal dysfunction, hypertension in the internal spermatic veins, and increase in testicular temperature. [2] The semen of these patients can have high levels of oxidative stress, as evidenced by increased levels of reactive oxygen species (ROS) and reduced total antioxidant capacity. [3, 4] In addition, sperm DNA damage is correlated with high levels of ROS in men with varicocele. [5, 6] Several groups reported that varicocele is associated with increased sperm DNA damage. [7, 8] Since varicocelectomy significantly improves sperm concentration and motility in infertile men with varicocele and abnormal preoperative semen parameters, we hypothesized that surgical varicocelectomy may improve spermatozoal function caused by increased levels of sperm DNA damage. [9, 10] Therefore in this study we evaluated DNA fragmentation in spermatozoa and semen parameters of infertile men clinically diagnosed with varicoceles before and after surgical varicocelectomy.
MATERIALS AND METHODS

Study group
This prospective study included 72 men with at least1-year history of infertility, a palpable varicocele and oligospermia from November 2012 to January 2014 at the Clinic of Urology of Ankara Training and Research Hospital. Varicocele was diagnosed by scrotal palpation and testicular volume was assessed with a Prader orchidometer. All patients with urinary tract infections, fever occurring ~90 days Access this article online before semen analysis, leukocytospermia, systemic diseases such as cancer and endrocrinopathies that would lead to testicular alterations and a history of smoking and excessive alcohol or drug use were excluded from study. All subjects provided informed consent, and the study was approved by research and ethics committee. Every patient provided a fresh ejaculated semen sample by masturbation after 3 days of ejaculatory abstinence and were analyzed within 1 h of collection. After liquefaction, seminal analysis was performed according to WHO criteria. [11] All varicoceles were treated with inguinal spermatic vein ligation. Postoperative semen was analyzed at 3 months after surgery.
Measurement of sperm DNA fragmentation
Acridine Orange Test (AOT) was performed as described by Evenson and co-workers. [12] The maturity of sperm nuclei can be determined by the use of AOT. The acridine orange molecules are intercalated into double-stranded DNA and green fluorescence is emitted from the sperm nuclei. Sperm DNA with immature nuclei is easily denatured into single strands and after acridine orange molecules aggregate in the nuclei, the color of fluorescence changes into orange-red. [13] For assessment of sperm DNA integrity, the smears were air-dried for 1 h and then fixed overnight in freshly made Carnoy's solution. The slides were rinsed two times with distilled water and dipped in McIlvaine phosphate-citrate buffer (pH = 4) for 5 min. Each sample was then stained with freshly prepared acridine orange (0.19 mg/mL; Sigma Chemical Co, St Louis, USA) in MciIvaine phosphate-citrate buffer for 10 min in the darkness. The cell suspension was pipetted onto a glass slide and observed under a confocal fluorescent microscope (Zeiss LSM 510) with a 480-490 nm filter. The percentages of green (normal DNA integrity) and orange-red (abnormal DNA integrity) spermatozoa (per 100 spermatozoa in each sample) were calculated by a same single person [ Figure 1 ]. An abnormal integrity of sperm nuclear DNA was considered as more than 30% denaturation (orange-red spermatozoa on acridine orange staining). The DNA fragmentation index (DFI), which is the ratio of the orange-red to the total (orange-red + green) fluorescence intensities of spermatozoa, was also calculated for the samples [14] and all the DFI calculations were performed by the same person since bias can be introduced if different personnel were involved. The observer performing DFI calculations was blinded as to whether the samples were pre or postoperative. A minimum of 500 spermatozoa for sample was scored under the × 100 objective of microscope.
Statistical analysis
Continuous variables are presented as mean ± standard deviation, while categorical variables are given as percentages.
The Shapiro-Wilk test was used to verify the normality of the distribution of continuous variables. Statistical analysis of clinical data between two groups consisted of Mann Whitney U test for unpaired nonparametric data and Wilcoxon Sign Rank Test for paired nonparametric data. Correlations were assessed with the Spearman correlation coefficient. Analyses were performed with PASW 18 (SPSS/ IBM, Chicago, IL, USA) software and two-tailed P value less than 0.05 was considered statistically significant.
RESULTS
The mean age of the 72 men was 29.3 ± 5.7 years. Left sided grade I, grade II and grade III varicocele were found in 19, 26 and 21 patients, respectively, and 6 had bilateral varicoceles. Of the 72 men who underwent varicocelectomy, 66 underwent left and 6 bilateral varicocelectomy. The mean follow-up after varicocelectomy was 6.2 ± 2.4 (median 6; 4-12) months. The mean sperm count, concentration, progressive motility and normal morphology were significantly higher after varicocelectomy and DFI was significantly lower after surgery. The mean DFI was 34.5 ± 3.3% and 28.2 ± 3.5% before and after varicocelectomy (P = 0.024). The mean values of semen parameters and DFI are presented in Table 1 . We observed a negative significant correlation between the change in DFI and the change in sperm motility after varicocelectomy [ Figure 2 ]. 
DISCUSSION
While varicocele is one of the most andrological pathology and affects sperm functions, the true effect of adult varicocelectomy on male fertility remains controversial. [15] In a previous study, Saleh et al. [7] reported the association between a clinical varicocele and high levels of sperm DNA damage. These investigators have implicated both elevated temperature and the elaboration of reactive oxygen species as potential mechanism responsible for varicocele-mediated sperm dysfunction and DNA damage. Although the benefit of varicocelectomy on male fertility remains controversial, in the present study we found a significant increase in postoperative sperm count, concentration, progressive motility and morphology after varicocele repair and a significant decrease in DFI. [15, 16] Sperm DNA fragmentation provides additional information about sperm quality and the ability of a couple to conceive. [17] There are several assays available to assess sperm nuclear integrity and, in clinical setting, AOT is one of the standard assays which is quick and easy to perform. This can be used for testing sperm maturity and predicting the fertilization capacity of ejaculated spermatozoa. [18] Evaluation of sperm nuclear integrity with AOT and fluorescent microscopy, as used in our study, is a routine procedure in andrology units; however, usage of flowcytometry is more efficient as described in a recent study. [19] Flowcytometry is an expensive technique and also time consuming, thus, less practical for daily evaluation of sperm DNA in assisted reproductive clinics. [14] Studies show that varicocele samples contain a higher proportion of spermatozoa with abnormal and immature chromatin than those from fertile men as well as infertile men without varicocele. [20] A cause of this phenomenon may be the increased production of ROS in varicocele patients that is significantly higher in patients diagnosed with grade II and III varicocele. [21] Oxidative stress and testicular apoptosis are well-documented causes of increased sperm DNA fragmentation. Varicocele is associated with increased ROS production in spermatozoa and decreased antioxidant capacity. [3] In addition nitric oxide can increase sperm DNA fragmentation that is associated with infertility in men with varicocele. [22] Similar to our study, Smit et al. reported that varicocelectomy improves sperm parameters significantly and sperm DNA fragmentation was significantly decreased. Low DNA fragmentation index values are associated with a higher pregnancy rate. [23] Our study has some limitations. First is the relatively small number of patients and short follow-up, which are the major limitations. Second, pregnancy outcome was not recorded due to the short follow-up. Future studies are needed to confirm the exact role of varicocelectomy and sperm DFI that may affect natural pregnancy.
CONCLUSION
In infertile men with varicocele, varicocelectomy can reduce sperm DNA fragmentation and improve sperm parameters. We suggest that varicocelectomy improves spermatogenesis and sperm function and provides an additional mechanism for the reported improvement in pregnancy rates after varicocele repair. 
